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(54) OPTICAL MODULATION ELEMENT AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent a sticking of 
an element, which performs optical modulation by 
n putting a movable part for optical modulation away 
4rw3ifi^om and close to a fixed part for optical modulation, 
to prevent a defective from being produced, and to 
prevent the man-hour for film formation from 
increasing. 

SOLUTION: A projection member 1 1 projecting from 
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the surface of a substrate 1 0 is formed, a film is 
formed over it to form the fixed part 1 3 for optical 
modulation, a sacrifice layer 14, and the movable part 
15 for optical modulation in order, and on the fixed 
part 13 for optical modulation, a spacer 21 
conforming with the shape of the projection member 
1 1 is formed. A hinge which supports the movable part 1 5 is so shaped that as the movable 
part 1 5 for optical modulation moves toward the fixed part 1 3 for optical modulation, the 
movable part 15 is guided to shift in position in a plane parallel to the surface of the 
substrate 10. Consequently, the spacer 21 is made not to enter a recessed part 22 of the 
movable part 15 by the projection member 1 1 and the movable part 15 is avoided coming 
into contact with the fixed part 13 by the spacer 21. 
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Column 7. Line 44 to Column 9. Line 6 
[0033] 

[Embodiment of Present Invention] An embodiment of the present Invention will 
now be described in detail with reference to the accompanying drawings. FIG. 
1 shows the processes in which the light modulation device of the first 
embodiment of the present invention is manufactured. FIG. 1 shows a device 
portion corresponding to only one pixel, but the optical modulation device 1 of 
the embodiment Is a spatial modulation device having a plurality of pixels 
arranged in a two-dimensional matrix pattern. 

[0034] The processes in which the light modulation device Is fabricated will be 
described. First of all, projected members 1 1 made of SiOa and used for 
providing spacers are formed on a glass substrate 10, as shown in FIG. 1(1). 
The projected memt»ers 1 1 are formed by ordinary lithography, etching or liftoff 
process. In the present embodiment, four projected members each of whi(di is 
substantially cylindrical are provided in such a manner that the line segments 
connecting them describe a square, for example. 

[0035] Next, the substrate is overlaid with a lower transparent conductive film 
12 (functioning as an electric field-applying electrode), a lower dielectric multi- 
layered film 13 (functioning as a stationary portion for light modulation), 
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sacrificial layer 14, an upper dielectric multi-layered film 15 (functioning as a 
movable portion for light modulation), and an upper transparent conductive film 
16 (functioning as an electric field-applying electrode), as shown in FIG. 1(2). 
These films are formed in the order mentioned. The transparent conductive 
films 1 2 and 1 6 are made of ITO, for example. Each of the dielectric multi- 
layered films 13 and 15 Is a laminated film comprising TiOa/SiOa, HfOx, ZrOx, or 
a single-layer film of one of these materials. The sacrificial layer 14 Is made 
of Al, for example. 

[0036] The films described above are preferably formed by use of a film forming 
method that has a high degree of anisotropy in the vertical direction (i.e., the 
direction perpendicular to the surfaces of the substrate 10), so that the shapes 
of the projected members 1 1 can be accurately traced. For example, 
resistance heating or EB deposition is preferably used. Formed in such a 
method, each of the lower transparent conductive film 12, lower dielectric multi- 
layered film 13, sacrificial layer 14, upper dielectric multi-layered film 15 and 
upper transparent conductive film 16 has a stepped portion conforming to the 
shape of the projected members 11 (the stepped portion is depressed in the 
lower surfaces and is raised in the upper surfaces). 
[0037] As shown in FIG. 1 (3), the side portions of the upper transparent 
conductive film 16, upper dielectric multi-layered film 1 5 and sacrificial layer 14 
are removed by dry etching. A gas containing CI, a gas containing F and a 
gais containing CI are sequentially used as etching gases, so that the etching 
stops when the lower dielectric multi-layered film 13 has been exposed. 
[0038] As shown in FIG. 1 (4). a pair of support columns 17 formed of Si02 are 
formed in the region from which the upper transparent conductive film 16, the 
upper dielectric multi-layered film 15 and the sacrificial layer 14 are removed by 
etching. The support columns 17 are formed by liftoff or etching. 
[0039] As shown in FIG. 1(5), resist is coated over the resultant structure by 
spin coating. Subsequently, the support columns 17 and the upper 
transparent conductive film 16 are exposed by ashing or by use of an alkali 
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solution (developing solution). 

[0040] Then, as shown in FIG. 1 (6), the upper transparent conductive film 1 6 is 
coupled to the two support columns 1 7 by means of hinges 1 9. The hinges 1 9 
are, for example, a planar type, as shown in FIG. 3, and can be formed by 
ordinary lithography. The hinges 19 are made of Ta, but may be made of 
another material as long as it does not dissolve in the etching solution used for 
the wet etching of the sacrificial layer 14. In the present embodiment, the 
hinges 19 are also used as wiring layers that apply power to the upper 
transparent conductive electrode 1 6. 

[0041 ] The hinges 1 9 are formed along the top surface of the resist 18. In 
other words, the top surface of the resist 18 serves as a support surface when 
the hinges 1 9 are formed. Thus, the hinges 1 9 can be easily fomied. 
[0042] As shown in FIG. 1 (7), the resist 18 is removed by ashing, and 
subsequently the sacrificial layer 14 is removed by wet etching. As a result, 
the light modulation element 1 of the embodiment can be completed. 
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^{4E^i8Sli5t}^C^±9IS|PJi»aiti6&l94 G)Km 



u 

(0 05 5] i>:{CS5*#MLr. *l6Bj©m2©^«6 

tbx}^^$ntti><ovi>6. 10 

[0 05 8] ttlSIS(X)iC7rk'rJ:*>K.tf97,miRW(D 

7k:j:-5r^fJfiS-r4. *eiJK:*ji»T:cc[)3|g|3tt4iii. s 
nwim<o-mm&tL-x:i>f^mti>i><o'Cib*). cr 

[ 0 0 5 7 ] iXc>r-e<D±tc. lBlia(2)tC7pTJ:^»{c> 
i02 /S iO, . H f 0. . Z rO. -efC 

«mai4ttA 1 ^Ji^^jgfiiEstiS. c<Dttrummi^ 

^JlJSi3. «littSi44sJ:Cf±aS3l«i4c^»iBtl5(CS£. ^ 

Sm4i©J^ttKl»ofcSg|5*i?^fi)i5tiS. 

[0058] ;;:{cisjs(3)tc^s-r J:5(c, ±gi5Sf«tti^ 

HKis. «lttBi4teJ:crrsiJSS«^*^BKi30ffl51-:^SU 
5. 

[0059] iX«C|^0(4)CC^r«l: ^ tC. X V ^ > 30 
-5. 

[006 0] ;x<cigHc5){c^i-J: ^ tc. ±smmwi^ 

BSHi's. «ttBi4teJ:OT8|Jil«fic^B|®i3i3tm7<t 

»i^JiSi5iaite-rs. c<Dfc>i;i9tt« ffiijt«ia3*c 
isns*!. «ii4JSi40>5*7 hxv^>y{cmi<>6n 

[006 1 ] iX«:igia(7){C7n-rJ:5{c. iiaui?:;^ hi 

i'{cj:i3«?4JSi4*K^*-rs<t> *lliS<DJfJ«<D^^p 
*^40*i^fiRri. ia^?n.5J:^K:c©3fc^S}-?-40 
(2. S«lQLi:tC«$|iE(lj!n^«a<!:LT«>f'^ffir^;il|Sm 50 
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4ite J: C/TgPif mf*^lf JSi JOi htti TgMiig*<Ji3fi)E 3 

•:^i9a#*j J:cf3ttti7{cj: ^)»«iiDj;(c3t^$<ir<j: 
[0 062] ±iBTSB«liii±SP«^<b<OiatCii. 

■eL.TTSiJirs*^ii]iii3©}!E*ifl^ggW)±iB{c». si 
iBS^SBtt 4i©jKl^{c(tt-7-r±:^{c3^m Lfc 2 ii©;^-^- 

13 1; < g|apt^4l©J^«{c^»-»Tl^^/c 2ffl©iH»4sw}g 

[006 3] C©Jt^lS^^40{C*Jl»T?^gP«4li t > 
yi9i©ra(C»v ia2(C^t/c4>©<h|g«©;^-< ^f?-30 

*jj:c;teiifE«iS3i ( t tJcH^js^r) 
Jn3niJ;^<ci&-5rt>5. ^Lrc©ti^4>. »i© 
^ff5!S©*^iCi^^-i{c*jw^,©iiiS{cur, c© 

[0 0 64] ccr. «ifEnj)n«:j:-5-rTSPSS«#5^fi 
Iii3(cjasb?c±si5sis<*^)iiii5{c«. TSBsnii*^ 
lg©i3©±SAi6?imi/r(,i5 2ji©X'^;-iJ-42*5^S 

ri©-r. &i:gBgimft3mfii5BT3l5gf«i*»Mei3 
®JSls!r5TaiS^S<*^Jil8l3{caf«UfcS3JCC^t-5. l» 
[0 0 6 5 ] ^t*J. TS|5ilSt*^JiJSl3©X-^— t?-42i 

±siiiii«f(^niatis©i!fisis43(i. ^iccifiesetiQi:© 

?^SIJt^4iK:l»o-CBfiS3n/c*>©r*i*>6. '^^*SEP 

ilS(*^JBBi5*J-e©3; * ^1-3 iS < {CT» l//ci -r s 

■e©IL^g|543{cx'><-•t^42*^A^3ji^rL*5©•c. 

[0 06 6] l/3!Pt/*IU6©}^SSK:*il>rfe. ±ai5S5« 
i*^®lSi5*5^^6 1 >yi9*JH3 ©J: ^<c¥MKtt 
4^-r5<>©<b3nr(,»S©r. JtS|5S5S«:^BJBl5*J 

^Hi«i5BSigio©aistw^cffif*3r)S£Er^. -en 

(cj:0. ±ai8fa»3H8Ki5©HlSIJ43diX'^--!f424fi 

JiKls©T®©l^S43W^1■©aJ^)•K:^s^. SLhaesis 

f*^^ffllSi5?:Ta5i!l«tt|J»ffil3*»6liT;^'>4— !f 4 L 
■C©f¥ffl**/i:-r. 

[0067] *fc*||tfi©Jg»Ti>. ««10©±{C3|gB 
tt4iJfeiBfiS0ft:a. ■e-©±tCTS|JI!IS<*^aiSl3> 
iBi44c$<i: ±Si!3tSf4:|^SSIis« C ©HBCCfiKlSir 9 

[0 0 6 8 ] x'^-^^nm^tutxsmm^n. 
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i'JU*i«ttlll»56{cj:-,TJKii|-r*^|!i20©* 

[0069] sfc^^ttc&jKjR-ctt. ^msf^'mmm. 
[0070]$ 6«:2{c||ttcD^BS8rtt. ^mi'^yJfi. ± 

[ 0 0 7 1 ] 5t^iBffl@Sa5<b l^rcOTSPiimtt 
l5i<D|BI©ffi|)|«:lEilSCi«:J:r,r. ^nh^mtt 

CEJ 1 ] ^m^am 1 0|im®fcJ;43l£lg|gBR^Srf'p 
[02] 1 £!^lie^iiS(c<f: ^^^^n 
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[03] 02oi^a3«i^{cj^fissn/ct>i/©«i?^^ 
[04 ] *^W{cffli»^n?issij®b>i;©«i?^Knj]o 
[05 ] :m^<m^<mmwici,^i&imi=!-^^ 
[06 ] fie*©^fe^slg^^^®s^^^epaliSf©t«^i8clD<!: 

10 [07] S£3f£©J5iJ03K|g|IIS^ 0«#*EnJail*0«3S 
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